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SPECIFICATION 
TITLE OF THE INVENTION 

TTnmn CRYSTAL DISPLAY DEVICE 
LI S D „S OF MAKING SAME 

CROSS-REFERENCE TO RELATED APPLICATION 

i« a continuation of application 
This application is a conrin 

10 ipqfi the entire 
seri al NO. 08/683,408, filed July 19, 1996. 

herein by reference, 
aisoiosure of which is incorporated herem 

BACKGROUND OF THE INVENTION 

vola 4. e s to an active matrix 
The present invention relates to 

4l = i rtisDlav device using thin 
addressing type liquid crystal dxsplay 

fil . transistors (TFTs) and a method of manufacture the 

*n active ,atri* addressing type iiguid crystal 
displ ay device includes switching elements each heing 
pr „vided correspondingly to one of a pluralrty of p.xel 

ma . r ; v The active matrix 
electrodes arranged in a matrix. 

each pixel is theoretically driven at all times and 
accordingly it is higher in contrast than a s.ple m tr- 
typ e adopting time-multi P le*ed driving. Such an actrve 

has become essential, 
ma trix addressing type display has 

particularly for color display. 

A TFT arrangement used for a conventional active 
matrix addressing type liguid crystal display device 

. nal line (gate line) formed on a 
includes a scanning signal line <g 

hc , rate . a gate insulator formed 
transparent insulating substrate, g 

• al line - a semiconductor layer formed on 
the scanning signal line, as 

„ , drain electrode (data line) and 
the gate insulator; and a drain ei 
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source electrode for.ea on the semiconductor — 
the source tetrode is conneetea to a transput pixel 
ele ctroae ana the arain electroae <aata line, is supplrea 
wit h a viaeo signal voltage. » TFT structure of a type rn 
„hich , gate electrode is for.ea airectly on a substrate rs 

cfanaered structure- Such a 
generally called an inverted staggered 

TFT is known from Japanese Patent Laid-open 

NO. Sho 61-161764. 

The Uquia crystal display device using TFTs 

• ~ therebv it exhibits high 

enables active addressing and thereby 

it is complicated in formation of TFTs on 
contrast; however, it is compi 

a substrate ana also retires six or .ore photolithography 
steps. This is aisaavantageous in ter»s of increasing 
man ufacturing cost of a TFT substrate ana aecreasing 
processing yieia wit. the increased number of Banuf acturxng 

steps due to dust or dirt. 

A method for simplifying manufacturing steps has 
b een proposed, wherein a gate insulator, a semiconductor 

, _ metal film (for drain and source electrodes) 
layer, and a metal im" v 

* ,„*-«r- laver is processed using the 
are formed; the semiconductor layer P 

« Tnask- and a transparent electrode is formed, 
metal film as a mask, ana 

Th is prior art. however, is disadvantageous in that in the 
ca se Where the Betal fil- foxing the source electroae is 
seller in etching rate than the seBiconductor til-, the 
, source electroae overhangs ana increases open line aefect 
probabilities for the transparent electroae aue to the 
essence of a step at the overhang. In other woras, xn the 



above prior art the manufacturing yield has never been 
considered sufficiently. 

It is required to increase the size of an area of 
a transmitting portion (hereinafter, referred to as an 
5 aperture ratio) of a transparent pixel electrode for 

realizing a bright display screen. The above-described 
prior art, however, failed to improve the aperture ratio for 
obtaining a display of high contrast and low cross talk. 

SUMMARY OF THE INVENTION 

10 An object of the present invention is to provide 

an active matrix addressing type liquid crystal display 
device capable of obtaining a display screen of high 
contrast and low cross talk. 

Another object of the present invention is to 

15 provide a method of making an active matrix addressing type 
liquid crystal display device, which is capable of reducing 
the number of manufacturing steps and increasing a 
manufacturing yield. 

To achieve the above objects, according to one 

20 preferred embodiment of the present invention, there is 
provided a liquid crystal display device including a 
plurality of scanning signal lines extending in a direction 
on a substrate; a first insulating film covering the 
plurality of scanning signal lines; a plurality of data 

25 lines extending on the first insulating film in such a 
manner as to intersect the plurality of scanning signal 
lines; a plurality of transparent pixel electrodes disposed 
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at intersections of the plurality of scanning signal lines 
and the plurality of data lines; a plurality of thin film 
transistors each associated with one of the plurality of 
pixel electrodes, an output electrode thereof being 
5 connected to one of the plurality of pixel electrodes, a 
control electrode thereof being connected to one of the 
plurality of scanning signal lines, and an input electrode 
thereof being connected to one of the plurality of data 
lines; and a second insulating film disposed between the 

10 plurality of pixel electrodes and the plurality of thin film 
transistors; wherein a semiconductor layer is interposed 
between the first insulating film and a portion of the 
plurality of data lines, and wherein edges of the 
semiconductor layer are set back inwardly from edges of the 

15 plurality of data lines. 

According to another preferred embodiment of the 
present invention, there is provided a method of making a 
liquid crystal display device, the liquid crystal display 
device including a plurality of scanning signal lines 

20 extending in a direction on a substrate; a first insulating 
film covering the plurality of scanning signal lines; a 
plurality of data lines extending on the first insulating 
film in such a manner as to intersect the plurality of 
scanning signal lines; a plurality of transparent pixel 

25 electrodes disposed at intersections of the plurality of 
scanning signal lines and the plurality of data lines; a 
plurality of thin film transistors each associated with one 



- 5 - 



of the plurality of pixel electrodes, an output electrode 
thereof being connected to one of the plurality of pixel 
electrodes, a control electrode thereof being connected to 
one of the plurality of scanning signal lines, and an input 
5 electrode thereof being connected to one of the plurality of 
data lines; and a second insulating film disposed between 
the plurality of pixel electrodes and the plurality of thin 
film transistors; wherein a semiconductor layer is 
interposed between the first insulating film and a portion 

10 of the plurality of data lines; the method comprising the 
steps of: etching a transistor semiconductor layer 
underlying the output electrode in the plurality of thin 
film transistors using a photoresist mask formed on the 
transistor semiconductor layer such that an etched end of 

15 the transistor semiconductor layer on a side of the output 

electrode extends beyond an end of the output electrode; and 
etching an end of the semiconductor layer underlying the 
plurality of data lines using a metal film making up the 
plurality of data lines as a mask. 

2 0 BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, which form an integral part of 
the specification and are to be read in conjunction 
therewith, and in which like reference numerals designate 
similar components throughout the figures, and in which: 

25 Fig. 1 is a plan view showing a pattern of each 

layer of one pixel and its neighborhood on a TFT substrate 
according to a first embodiment of the present invention; 
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Fig. 2 is a sectional view taken on line II-II of 

Fig. 1; 

Fig. 3 is a sectional view taken on line III-III of 
Fig. 1 showing a thin film transistor and a portion in the 
5 vicinity of a pixel electrode on a thin film transistor 
substrate in the embodiment, 

Fig. 4 is a plan view showing a connection portion 
of a gate terminal GTM and a gate line GL according to one 
embodiment of the present invention; 
10 Fig. 5 is a sectional view showing a connection 

portion of a gate terminal GTM and a gate line GL according 
to the embodiment shown in Fig. 4; 

Fig. 6 is a plan view showing a connection portion 
of a drain terminal DTM and a data line DL according to one 
15 embodiment of the present invention; 

Fig- 7 is a sectional view showing a connection 
portion of a data terminal DTM and a data line DL according 
to the embodiment shown in Fig. 6; 

Fig. 8 is a plan view illustrating the 
20 configuration of a peripheral portion of a matrix of a 

display panel according to one embodiment of the present 
invention ; 

Fig. 9 is a flow chart showing a method of making a 
TFT substrate TFTSUB of a liquid crystal display device 
25 according to the first embodiment; 

Fig. 10 is a sectional view of a liquid crystal 
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display device corresponding to a step A in Fig. 9; 

Fig. 11 is a sectional view of a liquid crystal 
display device corresponding to a step B in Fig. 9; 

Fig. 12 is a sectional view of a liquid crystal 
5 display device corresponding to a step C in Fig. 9; 

Fig- 13 is a sectional view of a liquid crystal 
display device corresponding to a step D in Fig. 9; 

Fig. 14 is a sectional view of a liquid crystal 
display device corresponding to a step E in Fig. 9; and 
10 Fig. 15 is a sectional view of a liquid crystal 

display device corresponding to a step F in Fig. 9. 

-DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, a liquid crystal display device and a 
15 method of making the same according to the present 
invention will be described by way of preferred 
embodiments . 

Fig. 2 shows a sectional structure of a matrix 
portion (display portion) in an active matrix addressing 
20 type liquid crystal display device according to a preferred 
embodiment of the present invention. A display panel 
includes a TFT substrate TFTSUB composed of a transparent 
glass substrate SUB1 having one surface on which thin film 
transistors, pixel electrodes IT01 and various 
25 interconnections are formed; a counter substrate OPSUB 
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composed o £ a transparent glass substrate SUB2 baving one 
sur face on whrch a co-n electrode !T02 and coior fibers 
FiL are f o„e di and a liguid crystal layer bC filled in a 
ga p between the opposed substrates TFTSUB and OPSUB. 

when a video signal voltage is applied between the 
pixel electrodes IT01 and the co« electrode 1T02 to 
control an electro-optical state of the liguid crystal 
la yer L C between both the electrodes, a light trans^issive 
s tate of such a pixel portion or the display panel is 
changed to display a desired Unage. 

A bacK light source is provided outside the counter 
substrate OPSUB or the TFT substrate TFTSUB o £ the liguid 
cry stal panel for permitting a light passing through a 
pixel portion of the liguid crystal pane! to be observed 
fr o„ the side opposite the back light source. 

It is to be noted that parts having the same 
.unctions are designated by the characters in the 

figures described in the following. 

(TFT Substrate) 

Fig. 1 is a plan view of a pattern of each layer 
constituting the TFT substrate TPTSUB. showing one pixel 
aud its neighborhood; rig. 2 is a sectional view of the 

a sectional view taken on line III-IH of Fig. 1. 

Next, the structure of the TFT substrate TFTSUB 
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will be fully described with reference to Figs. 1 to 3 . A 
plurality of parallel gate lines (scanning signal lines. or 
horizontal signal lines) GL and a plurality of parallel 
data lines (video signal lines or vertical signal lines) DL 
5 intersecting a plurality of gate lines are provided on the 
surface of the TFT substrate. A pixel electrode region is 
defined by the two adjacent gate lines GL and the two 
adjacent data lines DL, and a pixel electrode ITOl is 
formed over substantially the entire surface of this 

10 region. A thin film transistor (a region shown by a broken 
line in Fig. 1) serving as a switching element is formed in 
a protruding portion (upward protruding portion in Fig. 1) 
of the gate line correspondingly to each pixel electrode, 
and it has a source electrode SD1 connected to the pixel 

15 electrode. A scanning voltage applied to the gate line GL 
is supplied to a gate electrode of the TFT, constituting a 
portion of the gate line, to turn on the TFT. At this 
time, a video signal supplied to the data line DL is 
written into the pixel electrode ITOl through the source 

20 electrode SD1 . 

(Thin Film Transistor TFT) 

Referring to Fig. 3, the gate line GL is formed of 
a conductive film on the transparent glass substrate SUBl , 
and an insulating film and semiconductor layers are formed 

25 thereon to form a thin film transistor TFT (described in 
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detail later). When a gate voltage is applied to the gate 
line GL, a channel resistance between a source and a drain 
(data line DL) in the TFT becomes small. On the other 
hand, v/hen the gate voltage is reduced to zero f the channel 
5 resistance becomes large. A gate insulator GI made of 
silicon nitride is provided on the gate electrode 
constituting a portion of the gate line GL, and an i-type 
(intrinsic type) semiconductor layer AS made of amorphous 
silicon doped with no intentional impurity and an n-type 

10 semiconductor layer dO made of amorphous silicon doped with 
an impurity are formed on tfae gate insulator GI. The i- 
type semiconductor layer AS functions as an active layer of 
the thin film transistor. The source electrode SDl and a 
drain electrode are formed thereon, thus forming a thin 

15 film transistor. It is to be noted that a portion of the 
data line constitutes the drain electrode in this 
embodiment and the drain electrode is hereinafter referred 
to as the data line DL unless otherwise specified. 

The gate insulator GI is formed of silicon nitride 

20 to a thickness of from 2000 to 5000 A (about 3500 A in 
this embodiment) by, for example, plasma CVD. 

The i-type semiconductor layer AS is formed in 
thickness of from 500 to 2500 A (2000 A in this 
embodiment). The thin n-type semiconductor layer dO is 

25 formed of amorphous silicon doped with phosphor (P) in thin 



thickness of 500 A or less so as to form an ohmic contact 
with the i-type semiconductor layer AS. 

Additionally, the naming of each of source and 
drain electrodes is essentially determined in accordance 
with a polarity of a voltage applied between the source and 
drain electrodes. The source and drain electrodes in the 
liquid crystal display device of the present invention 
alternate with each other because the polarities are 
reversed during operation; however, in the following 
description , one is fixedly called a source electrode and 
the other is fixedly called .the drain electrode for 
convenience. 
(Source Electrode) 

As shown in Fig. 3, the source electrode SD1 is 
formed of chromium (Cr) on the n-type semiconductor layer 
dO in thickness of from 600 to 2000 A (about 1800 A in 
this embodiment). The source electrode SD1 , however , may 
be formed of one kind selected from a group consisting of 
various refractory metals (Ti, Ta, W, Mo) other than Cr and 
alloys thereof. 

As shown in Figs. 1, 3, the source electrode SDl is 
formed on the i-type semiconductor layer AS and the n-type 
semiconductor layer dO formed within one pixel region in 
such a manner that the end portion of the i-type 
semiconductor layer As extends beyond the end portion of 
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the source electrode SD1 at least in the channel length 
direction. The pixel electrode IT01 is formed of a 
conductive film on a protective insulating film PSV1 and is 
connected to the source electrode SD1 through an opening 
5 portion (hereinafter, referred to as a contact hole) CN 
formed in the protective insulating film PSV1 . 

With this structure, the transparent conductive 
film ITOl can be formed in such a manner as to easily 
traverse a step formed by the underlying source electrode 

10 SDl without open line defects at the step (described in 

detail later) . Such an effect is conspicuous in the case 
where the pixel electrode ITOl is made of ITO (indium-tin- 
oxide) as in this embodiment. The etching rate of ITO is 
larger in grain boundaries than in crystal grains because 

15 ITO has a large crystal grain size. Accordingly, the pixel 
electrode ITOl tends to be easily broken at a step of the 
underlying layer unless the cross-section of the underlying 
layer is smoothed. 

In this regard, the etching of a semiconductor film 

20 using as a mask a metal film on the semiconductor film as 
described in the Japanese Patent Laid-open No. Sho 61- 
161764 is disadvantageous in that the metal film overhangs 
in cross-section because it is smaller 

in etching rate than the semiconductor film, with a result 
25 that a transparent conductive film tends to be easily 
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broken at such an overhang. In this embodiment, since such 
a step is smoothed as described above, open line defect 
probabilities for the pixel electrode IT01 is greatly 
reduced. 
5 (Pixel Electrode) 

The pixel electrode is formed of the transparent 
conductive film IT01 made of ITO. This is connected to the 
source electrode SD1 of the thin film transistor. The 
transparent conductive film ITOl is formed of sputtered ITO 
10 in thickness of from 300 to 3000 A (about 1400 A in this 
embodiment) . 
{Gate Line) 

As shown in Figs. 2, 3, the gate line GL is formed 
of a single layer conductive film. The conductive film is 

15 formed of chromium (Cr) by sputtering in thickness of from 
600 to 2000 A (about 1800 A in this embodiment). The gate 
line GL may be made from one kind selected from a group 
consisting of other refractory metals and alloys thereof, 
like the source electrode SD1. 

20 (Data Line DL) 

As shown in Figs. 2, 3 r the data line DL, which is 
the same conductive film as that of the source electrode 
SD1 , is formed on the gate insulator GI and the 
semiconductor layers As, do sequentially formed on the 

25 transparent glass substrate SUBl . The data line DL and the 



- 14 - 



semiconductor layers As , dO form a stacked structure in 
cross-section. The reason why each layer in the stacked 
structure has approximately the same pattern is due to 
processing of the i-type semiconductor layer AS using the 
5 data line DL as a mask (described later in the paragraph of 
the manufacturing method). In the stacked structure, the 
layer mainly contributing to electric conduction and signal 
transmission is the conductive layer DL* 
(Storage Capacity Cadd, Parasitic Capacity Cgs) 

10 A storage capacity Cadd is a capacity formed in a 

region where a pixel electrode IT01 of a TFT is overlapped on 
the gate line GL preceding by one scanning line the gate 
line- GL connected to the TFT with a laminated film of the 
gate insulator GI and the protective insulating film PSVI 

15 interposed therebetween. The storage capacity Cadd 
functions to reduce the discharge of charges in the 
capacity of the liquid crystal LC and a decay in its 
voltage when the TFT is in the OFF state. 

A parasitic capacity Cgs is a capacity in a region 

20 where a pixel electrode of a TFT is overlapped on the gate 
line GL connected to the TFT with a laminated film of the 
gate insulator GI and the protective insulating film PSVI 
interposed therebetween. As shown in Fig. 2, the 
transparent conductive films ITOl adjacent to each other- 

25 over the gate line GL are spaced from each other. 
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Unlike the prior art structure in which the 
transparent conductive film IT01 is not overlapped on the 
gate line GL connected to the TFT, the inventive structure 
provided with the parasitic capacity Cgs eliminates the 
5 necessity of covering a gap between the gate line GL and 
the pixel electrode IT01 with a black matrix BM otherwise 
formed on the counter substrate OPSUB, and thereby 
increasing the aperture ratio of the pixel electrode. 
(Light-Blocking Film SKD) 

10 As shown in Figs. 1, 2, a light-blocking film SKD, 

which is the same conductive film as that of the gate line 
GL, is formed on the transparent glass substrate SUB1 of 
the TFT substrate TFTSUB. 

The light-blocking film SKD is overlapped on the 

15 pixel electrode ITOl along the data line DL and further 
extends under the data line DL, as shown by its layer 
pattern in Fig. 1- On the other hand, the light-blocking 
film SKD is insulated from the data line DL by the gate 
insulator GI and the semiconductor layers AS, dO as shown 

20 by the sectional view in Fig. 2, to thereby prevent short- 
circuit between the light-blocking film SKD and the data 
line DL. The light-blocking film SKD is also insulated 
from the pixel electrode ITOl by the gate insulator GI and 
the protective insulating film PSV1 . 

25 The semiconductor layers AS, dO interposed, in 
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addition to the gate insulator GI between the light- 
blocking film SKD and the data line DL are shielded from 
light illumination and function as insulators, increase a 
distance between the light-blocking film SKD and the data 
5 line DL, and an electrostatic coupling between the light- 
blocking film SKD and the data line DL is reduced, so that 
an electrostatic coupling between the data line DL and the 
pixel electrode ITOl by way of the light-blocking film SKD 
is decreased, resulting in reduced cross talk. 

10 Like the above-described parasitic capacity, the 

light-blocking film SKD has .a function to increase ah area 
of a light-transmitting portion, that is, the aperture 
ratio of a pixel electrode and increase brightness of 
display as described in detail later. In the display panel 

15 shown in Fig. 1, assuming that the back light source (not 

shown) is set outside the TFT substrate TFTSUB and an image 
is observed from the counter substrate OPSUB side, an 
illuminating light passes through the glass substrate SUBl 
and enters the liquid crystal layer LC through a portion on 

20 which an interconnection line of sputtered Cr is not formed 
on one surface of the glass substrate SUBl. The 
transmission of the light is controlled by a voltage 
applied between a transparent common electrode IT02 formed 
on the counter substrate OPSUB and the pixel electrode ITOl 

25 formed on the TFT substrate TFTSUB. 
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the semiconductor layers exhibit a light absorbing 
function , without the light blocking film SKD in back of 
the semiconductor layers under the data line DL, reflection 
of light decrease, resulting in dark display. 
5 In this embodiment, the semiconductor layers under 

the data line DL are processed using the data line DL as a 
mask, and the conductive film constituting the data line DL 
does not traverse a step of the semiconductor layer AS , 
thus reducing open line defect probabilities. Accordingly, 
10 the combination of the light-blocking film SKD and the data 
line DL exhibits a new effect in addition to a bright 
display. 

Additionally, the Cr film formed by sputtering is 
used as the gate line GL and the light-blocking film SKD in 

15 this embodiment; however, a multi-layered light-blocking 
structure with reduced reflection may be used, for which 
chromium oxide is initially formed on the substrate and 
then the Cr film is formed by consecutive sputtering. 
(Protective Film) 

20 as shown in Figs. 1, 3, the surface of the TFT 

substrate TFTSUB on the side where the thin film transistor 
TFT is formed is covered with the protective film PSVl 
excluding a contact hole CN for connecting the source 
electrode SDl to the pixel electrode IT01 and a gate 

2 5 terminal portion and a drain terminal portion provided on a 



peripheral portion of the TFT substrate (described later). 
(Gate Terminal GTM) 

Fig. 4 is a plan view showing a portion ranging 
from the vicinity of the end of the gate line GL to a gate 
5 terminal GTM to be connected to an external drive circuit 

on the TFT substrate TFTSUB; and Fig. 5 is a sectional view 
taken on line V-V of Fig. 4. 

The gate terminal GTM formed of the transparent 
conductive film ITO is exposed to the outside. The 

10 conductive film of the gate terminal GTM is formed 

simultaneously with the transparent conductive film ITOl of 
the pixel electrode. The gate terminal GTM has a pattern 
wider than that of the gate line GL for preventing the gate 
line GL made of chromium from being corroded by permeation 

15 of chemicals, water and the like. In this structure, only 
the transparent conductive film ITOl is exposed to the 
outside, in addition to the protective film PSVl . ITO 
(indium-tin-oxide), which is an oxide, has a large 
resistance against corrosion and oxidation, and 

20 accordingly, this structure has a high reliability. 

The use of the gate terminal GTM made of ITO in the 
liquid crystal display device using TFTs thus makes it 
possible to ensure a high manufacturing yield and a high 
reliability. 

2 5 (Drain Terminal DTM) 
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Fig- 6 is a plan view showing a portion ranging 
from the vicinity of the end of the data line DL to a drain 
terminal DTM to be connected to an external drive circuit 
on the TFT substrate; and Fig. 7 is a sectional view taken 
5 on line VII-VII of Fig. 6. 

The drain terminal DTM is formed of the transparent 
conductive film ITO, like the gate terminal GTM. The drain 
terminal DTM has a pattern wider than that of the data line 
DL. In addition T the protective film PSVl is removed from 
10 the drain terminal DTM for connection with an external 
drive circuit* 

As shown by the sectional structure of Fig. 7 , like 
the source electrode SD1 shown in Fig. 3, the i-type 
semiconducting later AS extends longer than the data line 
15 DL at the end portion of the data line DL. This is 

effective to reduce the open line defect probabilities of 
the drain terminal DTM at the end portion of the data line 
DL. 

Fig. 8 is a plan view showing a schematic structure 
20 of a peripheral portion of the display panel PNL. In the 
peripheral portion of the TFT substrate TFTSUB (SUB1), a 
plurality of the gate terminals GTM are arranged 
correspondingly to a plurality of the gate lines GL, to 
form a gate terminal group Tg while a plurality of the 
25 drain terminals DTM are arranged correspondingly to a 
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plurality of the data lines DL, to form a drain terminal 
group Td. In addition, character INJ in Fig. 8 designates a 
portion where a seal pattern SL for securing the TFT 
substrate TFTSUB and the counter substrate OPSUB together is 
not provided. After both substrates are secured together, 
liquid crystal is injected through the portion INJ. 
(Counter substrate OPSUB) 

As shown in Fig. 2, color filters FIL for red, 
green and blue, a protective film PSV2 , the transparent 
common electrode IT02 and an orienting film ORI2 are 
sequentially formed on one surface of the transparent glass 
substrate SUB2 . A polarizer POL2 is attached on the other 
surface of the transparent glass substrate SUB2 , and a 
polarizer POL1 is attached on the surface of the TFT 
substrate TFTSUB on the side where the TFTS are not formed, 
for polarizing and analyzing a light, respectively. 

Although a light-blocking black matrix BM is not 
formed on the glass substrate SUB 2 shown in Fig. 2, in 
actual practice there is a black matrix formed of a 
sputtered Cr film, a stacked layer of Cr oxide and Cr, or a 
resin film disposed at a position corresponding to the TFT 
portion in Fig. 1. 

(Method of Making TFT Substrate TFTSUB) 

Hereinafter, a method of making the above-described 



- 22 - 



TFT substrate TFTSUB of the liquid crystal display device 
will be described with reference to Figs . 9 to 15. Fig. 9 
is a flow chart showing the flow of steps (A) to (F) for 
making the TFT substrate TFTSUB; and Figs. 10 to 15 show 
5 sectional structures of the liquid crystal display device 
in the steps (A) to (F), respectively. Each figure 
excluding Fig- 11 shows the sectional structure directly 
after a thin film is etched in each step excluding the step 
(B), and a photoresist used as a mask is left on the thin 

10 film in each cross-section for convenience of explanation. 
Each figure is a sectional view of a portion in the 
vicinity of a connection portion of the thin film 
transistor and a pixel electrode on the TFT substrate 
TFTSUB (see the sectional view of Fig. 3). The sectional 

15 structure of the liquid crystal display device processed in 
the final step shown in Fig. 9 corresponds to that shown in 
Fig. 3. Each of the steps (A) , (C), (D), (E) and (F) 
includes a photolithograph processing. The 
photolithographic processing in the present invention 

20 includes a series of processes of coating photoresist, 

selective exposure using a mask and development. As can be 
seen from Fig. 9, the photolithographic processing is 
repeated five times until the TFT substrate is finished. 
The steps will be sequentially described. 

25 STEP A (Fig. 10) 
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15 



20 



A transparent glass substrate SUBl is prepared, and 

a cr filB is forced on one surface of the transparent glass 

substrate SUBl by sputtering. A mask of a photoresist PKBS 

is fo rmed in a specified pattern on the Cr film ^ a first 

pho tolithogra P hy processing, and the Cr fil, is selective!, 

• *-he mask to obtain a conductive film having 
etched usxng the masK, 

•*-ort oattern. This conductive film forms a gate 
the specified pattern. 

line GL or a light-blocking film SKD. 

STEP b (Fig. 11) 

A silicon nitride film GI, an i-type amorphous Si 
£il m AS ana an n-type amorphous Si film do are sequentially 
formed on the Cr film provided on the transparent ,lass 

conduotive film ai is forced thereon by sputtering The 
semiconductor films AS, do are consecutively forced without 
a photoresist step, to reduce surface oxidation of the 
semiconductor layers due to the resist, .his is effective 
to lower a contact resistance between the n-type 
se m iconductor Layer dO and the conductive film « and hence 
to increase electron mobility in the thin film transistor. 

STEP C (Fig* 12) 

A mask of the photoresist PRES is formed in a 

specified pattern on the cr film ,dl, by a second 
p hotolitho 9 raphy processing . and the Cr film is selective ly 
etched, to for. the specified pattern. subsequent^, the 



n-type semiconductor layer dO in the opening is removed by 

dry etching using the photoresist PRES. 

At this time, by wet etching of the Cr film, the 

end portion of the Cr film generally retracts by a value 
from of 0.5 to 1 P from the end portion of the 
photoresist PRES. Also, due to anisotropic dry etching of 
the n-type semiconductor layer dO and its very small 
thickness of 500 A or less as described above, the end 
portion of the n-type semiconductor layer dO retracts only 
by about 0.3 M m from the end portion of the photoresist 
PRES. As a result, the layer underlying the source 
electrode SDl is not etched, and thereby the SDl does not 
overhang - 

STEP D (Fig. 13) 

A mask of another photoresist PRES is then formed 
in a specified pattern by a third photolithography 
processing, and the i-type semiconductor layer AS is 
selectively removed by etching on the gate insulator GI . 

The above photoresist PRES is patterned in such a 
manner as to be wider than that of the source electrode SDl 
at its end portion for the etched i-type semiconductor 
layer AS to provide a stair case shape at a circled portion 
A in Fig. 13, This is effective to prevent open line 
defects of the transparent conductive film subsequently - 
formed above the source electrode at its end portion. On 



the other hand, the photoresist PRES is not formed on most 
of the data line shown in Fig. 2, and the semiconductor 
layers underlying the data line are etched using as a mask 
the conductive film dl of the data line DL. Thus, since the 
5 i-type semiconductor layer AS does not protrude from under 
the data line near the data line having no photoresist PRES 
thereon. This enables high-precision processing, and is 
effective to improve the aperture ratio, and to reduce a 
gate capacity to shorten a delay time caused by the gate 
10 line. 

The experiments by the present inventor showed 
that in the case where the pattern of the photoresist PRES 
for etching the i-type semiconductor layer AS is not set to 
be wider than that of the source electrode SD1 and the 

15 i-type semiconductor layer AS is etched using as a mask the 
conductive film dl of the source electrode, the underlying 
semiconductor layer retracts from the end portion of the 
source electrode SD1 and produces overhangs because the 
thickness of the i-type semiconducting layer AS is larger 

20 than the n-type semiconductor layer do, with a result that 

the pixel electrode ITO subsequently formed above the source 
electrode increases its open line defect probabilities 
greatly at a step caused by the overhang. 
STEP E (Fig. 14) 

25 The protective insulating film PSV1 made of silicon 
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nitride is formed by plasma CVD. A mask of another 
photoresist PRES is formed by a fourth photolithography 
processing, and the protective insulating film PSV1 is 
removed by etching at the contact hole CN and connection 
5 terminal portions. 
STEP F (Fig. 15) 

A second conductive film d2 made of ITO is formed 
by isputtering. A mask of another photoresist PRES is 
formed in a specified pattern on the second conductive film 

10 d2, and the second conductive film d2 is selectively etched 
to form a pattern of the pixel electrode ITOl and the like. 

According to the present invention , as described 
above, the semiconductor layers AS, dO, in addition to the 
gate insulator GI, interposed between the light-blocking 

15 film SKD and the data line DL are shielded from light 
illumination and function as insulators, and further 
increases a distance between the light-blocking film SKD 
and the data line DL, and an electrostatic coupling between 
the light-blocking film SKD and the data line DL is 

20 reduced, so that an electrostatic coupling between the data 
line DL and the pixel electrode ITOl by way of the light- 
blocking film SKD is decreased, resulting in the reduced 
cross talk. 

The present invention thus can provide a liquid 
25 crystal display device capable of a display of higher 
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brightness due to higher aperture ratio, of high contrast 
and low cross talk. 

Also, the present invention can provide an 
inexpensive liquid crystal display device in which a TFT 
substrate constituting a display panel can be made in a 
simple process including five photolithography process 
steps, and a method of making the same. 

Additionally, the present invention can provide a 
liquid crystal display device capable of higher 
manufacturing yield by preventing open line defects of a 
conductive film made of ITO.at a step caused by the 
underlying layer. 



